The reticulocytes are generally accepted to be young red blood cells. Whenever red cell formation in the bone marrow is active the proportion of reticulocytes in the blood increases; hence the importance ofthe reticulocyte count in haematology. Nevertheless, there have been few studies dealing with purely physiological and chemical aspects. A study of the ripening of reticulocytes into mature non-reticulated red cells has, however, been carried out in our laboratory during the last five or six years. The present article reviews the results obtained.
Experimental Procedure Rabbits were used as experimental animals. In order to obtain reasonable accuracy in counting their reticulocytes, the animals were brought into a chronic anaemic state by the daily withdrawal of from 30 to 50 ml. of blood. At the end of one week the haemoglobin percentage thus fell to 40 or 50 and the red cell count to 2 or 3 million per c.mm. of /4, blood, with 20 or 30 per cent reticulocytes. a_ This state could be maintained for a month or more before the animals died.
/2 The blood of such animals was used in the tests (Plum, 1942a) .
Blood was centrifuged and the red cells /O washed in saline. They were then resuspended in saline, or in plasma or saline to which had been added the substance -whose action on the reticulocytes was to be studied. The suspensions were kept in 6 small test-tubes in a water bath at 40°C. __ and gently and constantly moved. Samples 6 for reticulocyte counts were taken at x regular intervals.
Reticulocytes suspended in saline alone X 4 disappeared slowly, but the rate of dis-k appearance could be accelerated consider-e ably by adding commercial liver extract to 2 the saline in which the cells were suspended (Fig. 1) Chemical Nature of Reticulocyte-ripening Principle,
The reticulocyte-ripening principle in liver extract is thermolabile; it loses its activity after heating for five minutes on a boiling water bath. Thus it cannot be identical with the thermostable principle acting against pernicious anaemia. It has been shown, moreover, that the reticulocyte-ripening principle in liver consists of a thermolabile fraction which can be absorbed to floridine and a thermostable fraction that cannot be absorbed (Jacobsen and Plum, 1942 found to be identical with 1-tyrosine. Synthetically prepared tyrosine shows exactly the same effect in combination with the thermolabile fraction. The effect of tyrosine seems to be specific. None of the thirteen most common amino acids, including phenylalanine, has any activating effect on reticulocyte ripening, but compounds similar to tyrosine, such as adrenaline and tyramine, have some effect (Jacobsen and Plum, 1942) . Later investigations have shown that certain oxygenated products of tyrosine, dioxyphenylalanine and hallachrom, have a much stronger activating effect, that of hallachrom being 50 to 100 times stronger than that of tyrosine (Gad and others, 1944) . As there are enzymes present in red cells capable of converting tyrosine into hallachrom it is possible that the activating effect is not due to tyrosine, but to hallachrom derived from it.
The thermolabile reticulocyte-ripening fraction has not been isolated from liver. Systematic investigations on various organs have shown, however, that stomach tissue (Plum, 1944a) , duodenum, and the upper part of the small intestine contain considerable amounts of the thermolabile fraction (Bohn, 1946) . Extracts from these tissues have little ripening activity by themselves, but marked ripening effects, even greater than that of liver extracts, have been found after the addition of tyrosine, dioxyphenylalanine, or hallachrom. The ripening fraction in gastric tissue is extremely labile; however, a rather powerful preparation witbout tyfrosne (Pium 1942b (Pium , 1943 . Reptiles and birds have practically none. In mammals there is considerable variation (Fig. 5) (Table II) . (Plum, 1943) . A probable explanation of the occurrence of high reticulocyte percentages and high concentrations of ripening substances, for which there is experimental support, is that the immature blood corpuscles in the early ages react more slowly to humoral stimulation (Jacobsen and Plum, 1943b) .
The reticulocytosis associated with increased blood formation, as seen in chronic post-haemorrhagic anaemia in rabbits, is always combined with an increase in ripening substances (Plum, 1943) . In this case the response of the reticulocytes to a concentration of ripening substances does not change, but the quantity of ripening substances in the plasma increases. This increase may cause the reticulocytes in the peripheral blood stream of anaemic rabbits to ripen about 20 or 30 per cent more rapidly than in normal animals. The same phenomenon is seen when anaemia is caused by some haemolytic poison such as phenylhydrazine (Plum, 1944b) .
Similarly, in iron-deficiency anaemia of dietary origin reticulocytosis is accompanied by an increased concentration of reticulocyte-ripening substances (Plum, 1944b) . On treatment with iron, both anaemia and reticulocytosis disappear and the content of reticulocyte-ripening substances in the plasma returns to normal. Anaemia and leucopenia result from the effects of benzol poisoning on the bone marrow. The reticulocyte count may fall or rise slightly, but the content of reticulQcyte-ripening substances in the plasma is always increased.
During regeneration with increases in 4eucocytes
and reticulocytes the content of ripening substances returns to normal. These experiments suggest that the rise in reticulocyte-ripening substances may be interpreted as one of the measures by which the body attempts to compensate for anaemia.
Occasionally an increased number of reticulocytes is associated with reduced amounts of reticulocyteripening principles in the plasma, as in rats after gastrectomy (unpublished observations) and in swine in which the duodenum had been either isolated or excised causing a 20 per cent decrease in activity (Bohn and others, 1945) .
In untreated pernicious anaemia a decrease up to 40 per cent has been observed. The addition of tyrosine has in all cases raised the concentration of ripening substances up to the normal level. This decrease is thus not due to a decreased concentration of the thermolabile component, as might have been expected from the known high concentration of the thermolabile fraction in the gastric tissue of the normal subject and the characteristic gastric atrophy in pernicious anaemia. Both in spontaneous hypo-and hyperthyroidism in' man and in the experimental animal there is a decreased content of ripening substances in the plasma, which may be corrected by the addition of tyrosine. The decrease after hypophysectomy may result from decrease in the function of the thyroid gland.
During menstruation a slight increase has been observed starting on the first day.
Obstructive jaundice in patients and in animals may be associated with a slight increase in ripening substances.
Conclusion Assay ofthe concentration ofreticulocyte-ripening substances in the plasma is of more scientific than practical interest. It has no diagnostic value. The plasma of from one hundred to one hundred and fifty patients with various diseases and that of about fifty normal persons have been tested. A definite decrease in the content of ripening substances in the plasma has been found in untreated pernicious anaemia, in Graves's disease, in some patients with gastric diseases, and in cachectic patients suffering from cancer (Plum, R., 1947) . In all cases this decrease has been due to lack of the thermostable fraction and could be rectified by the addition of tyrosine. In some patients with jaundice the content of the ripening substances has been increased. In all other diseases normal levels have been found.
Even a slight reticulocytosis has been generally considered a sign of increased erythropoiesis. This principle consists of at least two fractions: a thermostable one, identified as tyrosine or tyrosine derivatives, and a thermolabile one. Xanthine, leucopterin, and folic acid are able to act as the thermolabile factor. The greatest concentration of the thermolabile fraction is found in the stomach and duodenum. --The thermolabile and thermostable fractions linked together by the activity of the reticulo-endothelial system form the principle found in plasma.
An increased amount of ripening principle may be found in the plasma in some cases of increased erythropoiesis; in decreased erythropoiesis a lower content than normal may be encountered. It seems as if the number of reticulocytes in the blood varies inversely with the amount of ripening principle, at least under normal conditions. The significance of these findings is discussed.
